A channel layer substitution of a wider bandgap AlGaN for conventional GaN in high electron mobility transistors (HEMTs) is one possible method of enhancing the breakdown voltage for higher power operation. Wider bandgap AlGaN, however, should also increase the ohmic contact resistance. We utilized a Si ion implantation doping technique to achieve sufficiently low resistive source/drain contacts, and realized the first HEMT operation with an AlGaN channel layer. This result is very promising for the further higher power operation of high-frequency The continuous-wave (cw) operation of m-plane InGaN-based blue (460nm) laser diodes (LDs) has been achieved. The threshold current and the corresponding threshold current density were 40mA and 5.0kA/cm 2 , respectively, with a 459nm lasing wavelength under cw operation. The electroluminescence peak wavelength shift in pulsed mode was only 10nm (58meV), from spontaneous emission (at 0.3mA) to stimulated emission (at 32mA), which is extremely small when compared with that of c-plane blue LDs. This is first clear experimental demonstration of the advantage in fabricating nonpolar InGaN-based 
Dual Self-Aligned Vertical Multichannel Organic Transistors
Hidenori Naruse, Shigeki Naka, and Hiroyuki Okada * (Received November 1, 2007; accepted November 16, 2007; published online December 28, 2007) A dual self-aligned vertical multichannel organic transistor (DSA-VMCOT) is proposed and demonstrated. The layouts of the shadow gate and transparent source/drain are sequentially determined using dual back-surface exposure. Vertical 100-nm channel and multichannel structures are obtained using interdigital gate electrodes. This device concept is promising for use as a backplane with high current driving capability. 
Planar Avalanche Photodiode for Long-Haul Single-Photon Optic Fiber Communications
Eiji Yagyu * , Kohei Sugihara, Tsuyoshi Nishioka 1 , Mitsuru Matsui 1 , Kiichi Yoshiara, and Yasunori Tokuda (Received November 2, 2007; accepted November 20, 2007; published online December 28, 2007) We present a high-performance planar GaInAs/InP avalanche photodiode (APD) for long-haul single-photon optic fiber communications, that is, quantum cryptography. The APDs for single-photon communications require a high single-photon detection efficiency (ηdet) relating to bitrate and a low ratio of dark count probability (Pdc) to ηdet limiting communication distance. We fabricated the APD with the combination of a long multiplication region length and a low carrier sheet density on the basis of numerical analysis. The Pdc /ηdet monotonically decreased with operation temperature lowered, and the ratio reached 5.9 × 10 -6 with the ηdet of 13 % at 77K. The Pdc was 7.7 × 10 -7 , which corresponds to a dark count rate of 0.38kHz. The useful APD and the effective layer design are 
Two-Dimensional Photonic Crystal Composed of Ordered Polymer Nanopillar Arrays with High Aspect Ratios Using Anodic Porous Alumina Templates
Takashi Yanagishita 1,* , Kazuyuki Nishio 1,2 , and Hideki Masuda 1,2 (Received November 1, 2007; accepted November 25, 2007; published online January 11, 2008) Two-dimensional (2D) photonic crystals composed of ordered polymer nanopillar arrays were fabricated using anodic porous alumina templates. For the preparation of 2D photonic crystals with high aspect ratios, polymer pillar arrays, in which both ends of nanopillars were supported by supporting layers, were introduced. The diameter, interval and length of nanopillar arrays could be controlled by changing the preparation conditions of anodic porous alumina templates. The reflection properties of the ordered polymer nanopillar array obtained exhib- 
Generation of Intense and Monochromatic Terahertz Radiation from Coherent Longitudinal Optical Phonons in GaAs/AlAs Multiple Quantum Wells at Room Temperature
Masaaki Nakayama, Shuh-ichi Ito, Kohji Mizoguchi 1 , Shingo Saito 2 , and Kiyomi Sakai 2 (Received November 1, 2007; accepted December 7, 2007; published online January 11, 2008) We have investigated time-domain signals of terahertz (THz) radiation from coherent longitudinal-optical (LO) phonons in GaAs/AlAs multiple quantum wells at room temperature, utilizing an optical gating method with a photoconductive dipole antenna. It has been found that an intense and monochromatic THz wave with a frequency of 8.7THz
is generated from coherent GaAs-like LO phonons under the condition that the energy spacing between the fundamental heavy-hole and light-hole excitons is tuned to the LO-phonon energy. The pump-energy 
Development of Electrooptic Modulator for Advanced Ground-Based Gravitational Wave Telescopes Using Stoichiometric MgO-Doped LiNbO Crystals
Noriaki Ohmae * , Kohei Takeno 1 , Shigenori Moriwaki, and Norikatsu Mio (Received November 2, 2007; accepted November 20, 2007; published online January 11, 2008) We have developed an electrooptic modulator (EOM) using stoichiometric MgO-doped LiNbO3 (MgO-doped SLN) crystals, and evaluated this EOM for the phase control of a high-power laser whose power is over 100W. We succeeded in the phase modulation of a 100W laser without a decrease in phase modulation index, due to a nonlinear optical effect, which can occur when a high-power laser beam enters the EOM.
We also estimated wavefront distortions caused by passing through the EOM with a Shack -Hartmann wavefront sensor, and found that the additional wavefront distortion was negligible. Thus, we confirmed that 
Visible Anisotropic Deformation of Chalcogenide Glass by Illumination of Linearly Polarized Light
Keiji Tanaka (Received November 2, 2007; accepted November 25, 2007; published online January 11, 2008) It has been discovered that illumination of linearly-polarized bandgap light produces visible-scale anisotropic deformations in a covalent chalcogenide glass As2S3. X-ray diffraction and Raman-scattering measurements for deforming As2S3 flakes detect no microscopic structural changes. Measurements of optical torque in deforming flakes and comparative exposure experiments for crystalline As2S3 and amorphous Se suggest that the anisotropic deformation occurs through radiation force, photoinduced birefringence, and photoinduced fluidity. Sadao Uemura * and Kenji Torizuka (Received November 5, 2007; accepted November 27, 2007; published online January 11, 2008) We have developed a Kerr-lens mode-locked diode-pumped Yb:YAG laser in which the transverse mode is passively stabilized. The modelocking scheme can be used for various diode-pumped Yb-doped bulk lasers. The pulse duration is as short as 100 fs, which is to our knowledge the shortest pulse ever produced from an Yb:YAG laser. The center 
Realization of All-fiber Tunable Filter and High Optical Power Blocker Using Thinned Fiber Bragg Gratings Coated with Carbon Nanotubes
Kien T. Dinh * , Yong-Won Song 1 , Shinji Yamashita 1 , and Sze Y. Set 2 (Received November 13, 2007; accepted December 7, 2007; published online January 11, 2008) We propose and create a novel structure formed with thinned fiber Bragg gratings and carbon nanotubes utilizing their optical absorption characteristics. We show that the reflection band of the fiber Bragg gratings can be shifted by controlling the in-line optical power. We use the structure to realize two applications namely an all-fiber tunable filter and a high-optical-power blocker. [DOI : 10.1143/APEX.1.012008] Graduate School of Frontier Sciences, University of Tokyo, Tokyo 113-8656, Japan 1 Department of Electronics Engineering, University of Tokyo, Tokyo 113-8656, Japan 2 Alnair Laboratories Corporation, Tokyo 154-0005, Japan * E-mail address: kien@sagnac.t.u-tokyo.ac.jp
Propagation of Terahertz Pulses on Coplanar Strip-lines on Low Permittivity Substrates and a Spectroscopy Application
Shinji Yanagi, Masayuki Onuma, Jiro Kitagawa, and Yutaka Kadoya * (Received November 22, 2007; accepted December 9, 2007; published online January 17, 2008) The authors have investigated the propagation characteristics of the terahertz electrical pulses on the coplanar strip-lines (CPSs) made on low permittivity substrates. By the use of a commercially available plastic whose permittivity is about 2.3 in 1 -3 THz, the radiation loss could be made low, and the total attenuation of about 0.2 neper/mm was achieved at 1THz. As a result, the spectra reaching 3THz with a dynamic range of about 60dB were realized even after the 1mm propagation.
Using the CPS device, a spectroscopy of biotin powder is demonstrated 
Tunneling Current -Voltage Characteristics of Graphene Field-Effect Transistor
Victor Ryzhii 1,3 , Maxim Ryzhii 1,3 , and Taiichi Otsuji 2,3 (Received November 2, 2007; accepted November 25, 2007; published online December 28, 2007) We develop an analytical device model for a graphene field-effect transistor. Using this model, we calculate its current -voltage characteristics at sufficiently high gate voltages when a n-p-n (p-n-p) lateral junction is formed in the transistor channel and the source -drain current is associated with the interband tunneling through this junction. 
Growth of Single-Walled Carbon Nanotubes from Ceramic Particles by Alcohol Chemical Vapor Deposition
Huaping Liu 1,* , Daisuke Takagi 1 , Hiroshi Ohno 1 , Shohei Chiashi 1 , Tomohito Chokan 1 , and Yoshikazu Homma 1,2,** (Received October 27, 2007; accepted December 10, 2007; published online January 11, 2008) Al2O3 ceramic nano-particles, which were regarded as an inactive catalyst in the growth of carbon nanotubes in the past, have been prepared as the catalyst for single-walled carbon nanotube (SWCNT) growth using an alcohol chemical vapor deposition method. Dense SWCNTs have been successfully synthesized, indicating that Al2O3 serves as an efficient catalyst. Moreover, it was found that many SWCNTs were also grown from irregular large Al2O3 particles ranging from several tens of nanometers to hundreds of nanometers, which has never been observed in the case of metallic catalyst particles. These results give more insights into the role of catalyst in SWCNT growth. (Received November 1, 2007; accepted November 25, 2007; published online January 11, 2008) A catalyst particle at the tip of a multi-walled carbon nanotube (MWNT) during field emission inside a transmission electron microscope was observed in-situ. The particle streamed from the tip like a liquid as the emission current abruptly increased from 20 to 40µA. This was due to the temperature rise at the tip of the MWNT, resulting from the increased emission current and dipole moment in the particle caused by the electric field. Maintenance of this high emission current led to an electrical discharge, which severely damaged the MWNT electron emitter.
Under high emission currents, in particular, the catalyst particle caused an unstable emission. (Received November 12, 2007; accepted December 7, 2007; published online January 11, 2008) We report 350°C as a critical growth temperature for overcoming the aggregation of gold (Au) in the synthesis of high-density silicon nanowires (SiNWs) with controlled diameters in a vapor -liquid -solid (VLS) mechanism by the low-temperature decomposition of Si2H6.
Low-temperature growth is considered essential for preserving the initial distribution of Au droplets (8±5nm) during SiNW nucleation with small (12nm) and uniform (±5nm) diameters. Au -Si eutectics increase in size with aggregation at high temperatures, resulting in SiNWs with large and random diameters. The crystal quality, defect formation, and morphology of the wires, grown in the (111) direction, are size dependent.
[DOI : 10.1143/APEX.1.014003]
Development of H -SiC Epitaxial Growth Technique Achieving High Growth Rate and Large-Area Uniformity
Masahiko Ito * , Liutauras Storasta, and Hidekazu Tsuchida (Received November 1, 2007; accepted November 25, 2007; published online January 11, 2008) A vertical hot-wall epi-reactor that makes it possible to simultaneously achieve a high growth rate and large-area uniformity has been developed. A maximum growth rate of 250 µm/h is achieved with a mirror-like morphology at 1650°C. Under a modified epi-reactor setup, a thickness uniformity of 1.1% and a doping uniformity of 6.7 % for a 65-mm-radius area are achieved while maintaining a high growth rate of 79µm/h. A low doping concentration of ~1× 10 13 cm -3 is obtained for a 50-mm-radius area. The low-temperature photoluminescence (LTPL) spectrum shows the predominance of free exciton peaks with only few impurity-related peaks and the L1 peak below detection limit. The deep level transient spectroscopy (DLTS) measurement for an epilayer grown at 80µm/h shows low trap concentrations of Z1/2: 1.2 × 10 12 and EH6/7: 6.3 × 10 11 cm -3 . A 280-µm-thick epilayer with a RMS roughness of 0.2nm and a carrier lifetime of ~1µs is obtained. 
High Mobility Titanium-Doped In O Thin Films Prepared by Sputtering/Post-Annealing Technique
Ryota Hashimoto, Yoshiyuki Abe 1 , and Tokio Nakada (Received November 1, 2007; accepted December 15, 2007; published online January 17, 2008) High-electron-mobility Ti-doped In2O3 (ITiO) thin films were prepared on soda-lime glass substrates by rf magnetron sputtering followed by a post-annealing process. Both carrier concentration and electron mobility were considerably improved by annealing in a vacuum at 530°C. A highest electron mobility of 105cm 2 V -1 s -1 with a resistivity of 1.95 × 10 -4 Ω cm was obtained for an annealed ITiO thin film. The ITiO thin film exhibited an optical transmission of approximately 80 % at wavelengths ranging from 400 to 1800nm. Post-annealing in a vacuum is one of the effective methods for improving the electrical properties of ITiO thin films without sacrificing optical transmission. (Received December 4, 2007; accepted December 15, 2007; published online January 17, 2008) We locally synthesized tungsten oxide nanowires at predetermined positions by current heating of designed micropatterned wires.
The current wires were fabricated from tungsten thin film and had two different widths in the same wire, and the narrower sections were heated more than the wider sections due to the difference in electric resistance. The temperature of the narrower sections was controlled to be optimal for nanowire synthesis in an O2 atmosphere in a vacuum chamber. We demonstrated the synthesis of nanowires over an area of approximately 1×1µm 2 and successfully synthesized nanowires on a regular 20 by 20 array with narrow sections with 10µm pitch.
[DOI : 10.1143/APEX.1.014005] The epitaxial films of the recently developed calcium and strontium stannates phosphors with perovskite or its related structure were fabricated by the pulsed-lased deposition method. The films were all highly transparent in the visible region, and showed intense luminescence of several colors under ultraviolet excitation. Light scattering at the substrates' surfaces varied the appearance of photoluminescence. In combination with epitaxial-film-growth technologies for many perovskite functional materials, the obtained results provide a promise for future developments of multifunctional optoelectronic devices. (Received November 27, 2007; accepted December 18, 2007; published online January 17, 2008) Electron emission current was observed from a hydrogen-terminated n-layer diamond surface of forward biased diamond p -n junction diodes, while there was no electron emission from the same surface after oxidization, suggesting that the phenomenon is related to negative electron affinity (NEA) of the hydrogen-terminated diamond surface. Since electrons in the n-layer flow toward to the p-layer due to forward bias, they cannot directly contribute to the emission current from the n-layer surface. In view of our previous result that the exciton-derived photoelectron emission was observed from the NEA diamond surface by total photoelectron yield spectroscopy, the phenomenon can be explained as electron emission due to exciton diffusion at the forward bias.
[ (Received December 5, 2007; accepted December 9, 2007; published online January 17, 2008) The selective-area growth of GaN nanocolumns using predeposited (Received December 26, 2007; accepted December 28, 2007; published online February 1, 2008) We report on state-of-the-art AlGaN/GaN heterostructure fieldeffect transistor (HFET) technology in the scope of millimeter-wave applications. 60-nm-long-gate HFETs having 4-and 6-nm-thick Al0.4Ga0.6N barrier layers and SiN passivation layers formed by catalytic chemical vapor deposition (Cat-CVD) were fabricated on 4H-SiC substrates. Both structures had low sheet resistances of 200 -220Ω / sq that were due to not only high mobilities of 1900 -2000cm 2 /(V·s) but also high electron densities of (1.4-1.7)×10 13 cm -2 , which were provided by the high-Alcomposition barrier layers and the Cat-CVD SiN. The devices with the 4-and 6-nm-thick barriers had maximum drain current densities of 1.4 and (Received December 21, 2007; accepted January 24, 2008; published online February 15, 2008) A novel method for fabricating trench structures on GaN was We infer that the interface of Co2MnSi (110) We established a new method for evaluating quantitatively the silicon atomic displacement as a function of the depth from the surface induced by arsenic implantation into a silicon wafer. A simulation based on a convolution integral was developed successfully to reproduce the experimental depth profiles of isotopes in the arsenic-implanted 28 Si / 30 Si isotope superlattices, from which the average distance of the silicon displacements due to the collisions with implanted arsenic is obtained.
We show that it takes the average displacement of ~0.5nm to make the structure appear amorphous by transmission electron microscopy.
[DOI : 10.1143/APEX. 
Room-temperature Transport Properties of High Drift Mobility Two-dimensional Electron Gas Confined in a Strained Si Quantum Well
Maksym Myronov, Kentarou Sawano, Kohei M. Itoh 1 , and Yasuhiro Shiraki (Received December 1, 2007; accepted December 18, 2007; published online January 25, 2008) The drift mobility, carrier density and conductivity of the two-dimensional electron gas (2DEG) confined in the tensilely strained 15 nm Si quantum well (QW) of SiGe heterostructures were obtained by mobility spectrum analysis at room-temperature. The highest 2DEG drift mobility of 2900 cm 2 V -1 s -1 with carrier density of 1 × 10 11 cm -2 were observed in the Si QW with -0.9 % tensile strain. However, the increase of strain up to -1.08 % resulted in the decline of 2DEG drift mobility down to 2670 cm 2 ,V -1 s -1 and the pronounced increase of carrier density up to 4.4 × 10 11 cm -2 . Nevertheless, the pronounced enhancement of 2DEG conductivity was observed. We have epitaxially grown p-Si / β-FeSi2 / n-Si double heterostructures light-emitting diodes (LEDs) on Si(111) substrates by molecular-beam epitaxy. The 1.6 µm electroluminescence intensity measured at room temperature (RT) was improved significantly for LEDs constructed using a thick β-FeSi2 active layer (190nm) embedded in heavily-doped Si p -n diodes formed on floating-zone Si (111) 
Un-stability of Sputtered Ge Sb Te Films in Electrical Phase Changes
Akira Saitoh, Toshiaki Donuma, and Keiji Tanaka (Received December 11, 2007; accepted December 22, 2007; published online January 25, 2008) Microscopic structures of amorphous Ge2Sb2Te5 films, electrically phase-changed using co-planar electrodes, have been studied through electrical and structural investigations. Microscope images show a structured phase-change region consisting of a narrow channel, banks on both sides, and rough peripheral regions. The room-temperature resistivity is ~10 -3 Ω·cm, which has a metallic temperature dependence.
Micro-Raman scattering spectra at the channel and the bank exhibit peaks due to crystalline Te and tellurides. X-ray diffraction patterns from the films, which contain many channels, present crystalline peaks ascribable to cubic GeTe and other compounds. These observations suggest that the Ge2Sb2Te5 melt is liable to phase-separate under electrical self- 
Improvement of Superconductive Properties of Mesoscopic Nb Wires by Ti Passivation Layers
Kohei Ohnishi 1 , Takashi Kimura 1,2 , and Yoshichika Otani 1,2 (Received December 17, 2007; accepted December 28, 2007; published online February 1, 2008) We have investigated superconductive properties of nano-scale Nb wires fabricated by a simple lift-off process with magnetron sputtering. The superconductive properties of the Nb wires were remarkably improved by employing highly plasma resistant electron-beam resist ZEP520A combined with a thin Ti passivation layer. This optimized fabrication process yielded a 300-nm-wide Nb wire with the same transition temperature as that of the reference Nb film. Thereby, a highly transparent Nb/Cu junction was successfully fabricated.
[DOI : 10.1143/APEX. (Received December 26, 2007; accepted January 15, 2008; published online February 1, 2008) The critical current densities (Jc) of MgB2 thin films deposited on α-Al2O3 fabricated by a precursor and post-annealing process have been investigated in high magnetic fields of up to 30T. Jc values of 2.8×10 5 , 3.0×10 4 , and 3.7×10 3 A/cm 2 were obtained at 4.2K in external magnetic fields of 10, 20, and 26T respectively, applied parallel to the film surface.
These values were comparable to those seen for Nb3Sn in fields up to 18T, and surpassed them in fields over 18T. The superconducting transition temperature was Tc onset =29.6K and Tc zero =28.5K. Grain connectivity was estimated to be 38.4 %. The Hc2 (0) 
Characterization of Depletion Layer using Photoluminescence Technique
Vipul Singh * , Anil K. Thakur, Shyam S. Pandey, Wataru Takashima, and Keiichi Kaneto (Received November 19, 2007; accepted December 18, 2007; published online January 25, 2008) The depletion layer formed at the interface of aluminum (Al) with poly(3-hexylthiophene-2, 5-diyl) (P3HT) has been studied, using the bias dependent photoluminescence (PL) spectra in indium tin oxide (ITO)/ P3HT/Al sandwiched cells. A quenching in the PL intensity has been observed under the reverse bias conditions, which has been attributed to the increase in the depletion layer width. A direct relationship between the depletion layer width and the PL quenching has been derived and (Received December 7, 2007; accepted December 15, 2007; published online January 25, 2008) Organic field-effect transistors based on octyl-subustituted oligo-pphenylenevinylene have been studied. We have succeeded in improving field-effect hole mobilities by thermal treatment at liquid crystalline phase characterized as a highly ordered smectic phase. The field-effect mobility of the device as vacuum-evaporated was calculated to be 6.9 × 10 -3 cm 2 V -1 s -1 whereas the mobility was enhanced to 1.7 × 10 -1 cm 2 V -1 s -1 after annealing the device at 100°C for 12h. From the surface morphology of the films observed by using atomic force microscope, the enhancement is found to be attributed to reduction of defect density in the film because of the thermal movement of liquid-crystal molecules. (Received December 28, 2007; accepted January 11, 2008; published online February 1, 2008) Whitening of polymer light-emitting diodes (PLEDs) based on the blue-emitting poly(9,9-dioctylfluorene) (PDOF) films was possible by dispersing vapor of an orange fluorescent dye 4-(dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4H-pyran (DCM) into the film by means of the solution-free vapor transportation method (VTM). Devices prepared with this method showed good color stability with bias voltage increase, while those formed with conventional spin-coating, where dyes and polymers were mixed in a solution (solution-mixed), showed color change from yellow to white-yellow. The maximum luminance of the PLED formed by the VTM was higher than that formed by conventional spin-coating process. 
Highly Efficient Phosphorescent Organic Light-Emitting Diodes Using Alkyl-Substituted Iridium Complexes as a Solution-Processible Host Material
Toshimitsu Tsuzuki * and Shizuo Tokito (Received January 11, 2008; accepted January 24, 2008; published online February 15, 2008) We fabricated highly efficient organic light-emitting diodes (OLEDs) using the solution processible iridium complexes which have long alkyl or cycloalkyl substituents in an ancillary ligand as a host material and a red phosphorescent iridium complex as an emitting guest by spin coating method. The OLEDs emitted red phosphorescence from the guest and the luminance reached around 10,000cd/m 2 . The efficiency of the OLED improved after we added an electron transport material (ETM) to the emitting layer. The OLED using a mixture of the alkyl substituted iridium complex and ETM as the host showed an external quantum efficiency of 10 %. (Received November 21, 2007; accepted December 24, 2007; published online January 25, 2008) We developed a waveguide-integrated Si nano-photodiode (PD) with a surface plasmon (SP) antenna for on-chip optical clock distribution. The interfacial periodic nano-scale metal -semiconductor -metal Schottky electrodes were shown to function as an SP optical antenna and also as an optical coupler between a SiON waveguide and a very thin Si-absorption layer. Furthermore, a very high speed response of 17ps as well as enhanced photoresponsivity was achieved for a 10-µm coupling length.
By using this technology, we fabricated a prototype of a large-scaleintegration (LSI) on-chip optical clock system and demonstrated 5GHz of optical clock circuit operation connected with a 4-branching H-tree struc- (Received December 6, 2007; accepted December 22, 2007; published online January 25, 2008) We have developed a new precise fabrication technology of a lenticular lens sheet with black stripe patterns for a rear-projection television. The black stripe patterns have to be accurately aligned to cylindrical lenses on the lenticular lens sheet and be able to absorb ambient light. Our proposed technology utilized a photo-sensitive material with a surface modifier which controls surface free energy for surface modification. Using this material, we could obtain two patterned areas which had different surface free energies. Furthermore, fabrication of black stripe patterns on the lenticular lens sheet was carried out by a self-alignment method. This lenticular lens sheet with black stripe patterns had similar optical properties compared with a conventional one. 
Generation of Periodic Sawtooth Optical Intensity by Phase-Shifting Mask
Shogo Ura * , Kenji Kintaka 1 , Hideyuki Awazu, Kenzo Nishio, Yasuhiro Awatsuji, and Junji Nishii 2 (Received December 19, 2007; accepted January 11, 2008; published online February 1, 2008) A new simple interference exposure method using a phase-shifting mask was discussed on the basis of Fourier synthesis for fabricating blazed gratings. Phase-shifting mask was designed with 244nm exposure-light wavelength to launch multiple diffraction beams so that resultant interference pattern fit to required optical intensity profile. Fine surface-relief pattern on SiO2 mask for 3-µm-period sawtooth opticalintensity profile was fabricated by electron-beam direct-writing lithography with 30nm scanning step and relief height of 65nm. (Received December 10, 2007; accepted January 15, 2008; published online February 8, 2008) We propose that four-wave mixing (FWM) microscopy can be applied to three-dimensional mapping of refractive index (RI) structure inside transparent samples. We derive an analytical relationship between the RI and the intensity of the FWM signal that is due to nonresonant optical nonlinearity. By using the relationship, the RI profile can be directly and quantitatively obtained from the intensity distribution of the FWM signal. We experimentally demonstrate the RI profiling of a phase grating fabricated in a non-alkali glass.
[DOI : 10.1143/APEX. (Received December 17, 2007; accepted January 21, 2008; published online February 8, 2008) We report on an optical parametric oscillator (OPO) based on a large aperture periodically poled 5 mol % MgO-doped LiNbO3 (PPMgLN). A high average power Q-switched Nd:YAG laser operating at 1.064 µm producing 10ns pulses at a repetition rate of 10Hz was used to pump the OPO. Total output pulse energy of 126 mJ at 2 µm with 62 % slope efficiency was achieved at relatively low pump power intensity. Octave spanning high quality super continuum is generated in all fibre system. A 10nJ and 104 fs high energy ultrashort soliton pulse is generated from 1ps fiber chirped pulse amplification laser using large mode area photonic crystal fibre. The conversion efficiency from 1ps pulse into ultrashort soliton pulse is 33 %. A 1.05 -2.20µm over one octave spanning high quality super continuum with ±5dB uniformity is generated using the high energy soliton pulse and highly nonlinear fiber.
[DOI : 10.1143/APEX. We fabricated a multi-mesa-channel (MMC) structure by forming a periodic trench just under a gate electrode to improve the uniformity of effective electric field in the channel in an AlGaN/GaN high electron mobility transistor (HEMT). A unique performance, i.e., a nearly temperature-independent saturation drain current, was observed in the MMC device in a wide temperature range. A two-dimensional (2D) potential calculation indicates that the mesa-side gate effectively modulates the potential, resulting in a field surrounding 2D electron gas. Such a surrounding-field effect and a relatively lower source access resistance may be related to a unique current behavior in the MMC HEMT.
[ 
Electrostatic Imprint Process for Glass
Hideki Takagi, Shin-ichi Miyazawa, Masaharu Takahashi, and Ryutaro Maeda (Received November 27, 2007; accepted January 5, 2008; published online February 1, 2008) In usual thermal imprint process, mold patterns are transferred by applying mechanical pressures at elevated temperatures. We have developed a new imprint process for glass, which utilizes electrostatic force as a driving force for deformation. In the method, high dc voltage is applied between a mold and a glass specimen so that the mold becomes an anode. This method enables glass forming at lower temperatures with smaller mechanical force compared to usual thermal imprint process. In addition, this method is suitable for small patterns less than 1µm. It is expected that this method realizes large-area and high-efficiency nano- 
Nitrogen -Oxygen Complexes Associated with Shallow Thermal Donors in Silicon
Haruhiko Ono (Received December 10, 2007; accepted January 27, 2008; published online February 15, 2008) A structural model is described for the shallow thermal donors (STDs), which typically consist of seven identical absorption peaks that are caused by electronic transition. In the STD family, attention was paid to the 247 cm -1 peak that appears to strongly depend on the condition of both the crystal growth and the annealing. We examined NO configuration and the six kinds of NO+Oi configuration. Semi-empirical molecular orbital calculations for these complexes suggested that not only the complex with the C2v symmetry but also the asymmetric NO+Oi complexes could simultaneously exist in the Si crystal. We concluded that the 247cm -1 peak, which was highly unstable and behaved oddly during annealing, might be the NO complex and that the other six STD peaks might correspond to the six kinds of NO+Oi complexes. The process simulator is a key technology in extreme ultraviolet (EUV) lithography, which is regarded as the ultimate in projection lithography. The requirement for the accuracy of process simulators has become increasingly strict with the shrinkage of feature size. In chemically amplified EUV resists, acid generators decompose through a reaction with thermalized electrons (~25meV). This sensitization mechanism of EUV resists is analogous to that induced by an electron beam (EB).
However, the acid distribution in EUV resists is different from that in EB resists because of the multispur effect, which is caused by the charged intermediates narrowly distributed around the absorption points of EUV 
Hyper Rheology Measurement by Emission and Collision of Micro-Fluid Particles
Hideaki Kutsuna and Keiji Sakai (Received December 11, 2007; accepted January 11, 2008; published online February 8, 2008) We introduce a system to measure the mechanical properties of fluids under high shear deformation rates of up to 10 6 s -1 . The newly developed micro-fluid emission nozzle remarkably extended the variety of liquids to, for example, organic solvents, strong alkalis and acids, and viscous fluids. The dynamic behavior of a fluid after the head-on collision of the two emitted particles was observed by the stroboscopic method.
The surface tension and viscosity were determined from the resonant frequency and decay constant of the resonant oscillation by comparison with numerical simulation. An approximate theory to describe the largeamplitude oscillation is also presented. We studied proximity effect in 30keV electron beam (EB) drawing with calixarene resist for patterned media and quantum devices. Using about 15-nm-thick calixarene resist on Si substrate in conventional EB drawing system, the proximity effect has been studied by forming and observing 20-, 25-, 30-, and 40-nm-pitch resist dot arrays and measuring exposure dosage intensity distribution (EID) function. As a result, the proximity effect is negligible small due to comparing with some dot sizes in center, side and corner of 2µm square with 25×25nm 2 pitch dot arrays. In addition, the proximity effect parameter η in EID function is less than 0.3. It is clear that the EB drawing and calixarene resist system is very suitable for forming ultrahigh packed dot arrays pattern. We Thin film p -i -n junction solar cells incorporating hydrogenated microcrystalline Si1-xGex (µc-Si1-xGex:H) absorber i layers (1µm) have been fabricated by plasma-enhanced chemical vapor deposition in the composition range of 0≤x≤0.35. By increasing Ge content from x=0 to 0.15 -0.2, short-circuit current density increases by ~5mA/cm 2 with spectral sensitivities extending into the infrared wavelengths (>600 nm). However, solar cell parameters for larger Ge contents (x>0.2) are lowered by the increased charge carrier recombination in the µc-Si1-xGex:H i layer. As a result, a 6.3 % efficient solar cell is obtained at x=0. (Received January 24, 2008; accepted February 17, 2008; published online March 7, 2008) We report magnetic anisotropies (Δχ) depending on rare earth (RE) element in the paramagnetic REBa2Cu3Oy (RE123) system as an important finding of magneto-scientific grain-orientation. The c-axis-oriented RE123 powder samples using static or rotating magnetic fields were fabricated at room temperature to clarify Δχ. Their easy axes of magnetization were mainly dominated by second-order Stevens factors, whereas |Δχ| largely depended on y and RE elements. Especially for heavy RE elements, |Δχ| reached the order of 10 -4 , indicating that appropriate choice of RE directly leads to a drastic reduction of required magnetic fields for grain-orientation of RE123. (Received January 25, 2008; accepted February 14, 2008; published online March 7, 2008) We have applied superconducting stripline detectors ( The introduction of the c-axis-correlated disorder is a promising technique for the improvement of the critical current density Jc for B//c of REBa2Cu3Oy (RE123) films and tapes. In order to understand the vortex pinning mechanism with the different variety of the c-axis-correlated disorder, the angular dependence of Jc was measured in detail for an Y123 film with BaZrO3 nano-rods, a Sm123 film with fine nano-particles and edge dislocations and an Y123 film with columnar defects introduced by the heavy-ion irradiation parallel to the c-axis. We found that the vortex pinning state for the variety of the c-axis-correlated pinning is similar in low fields below the matching field, but it shows different behaviors in high fields above the matching field. It is considered that the interstitial vortices interacted with the c-axis-correlated disorders through the vortex interaction may play an important role for the appearance of the c-axis-correlated pinning behavior in a high-field region above the matching field. (Received January 3, 2008; accepted January 24, 2008; published online February 22, 2008) The reflective type color filter for the liquid crystal displays (LCDs) was produced using cholesteric liquid crystal monomers whose phase is characterized by the unique optical features of selective reflection. Periodic micrometer scale hemi-spherical photoresist (PR) patterns were formed on glass substrates by thermal reflow method after photolithography. Cholesteric color filter films for red, green, and blue light reflections were then produced and the viewing angle dependence was investigated and compared with that of reflected light on the non-patterned substrates. Computer simulations using "LightTools" were also carried out, and it was confirmed that the color shifts were much smaller on the patterned substrates by bare eyes and Commission Internationale de'Eclairage (CIE) chromaticity coordination analysis qualitatively. 
Lowering Threshold by Energy Transfer between Two Dyes in Cholesteric Liquid Crystal Distributed Feedback Lasers
Koji Sonoyama, Yoichi Takanishi * , Ken Ishikawa, and Hideo Takezoe (Received December 7, 2007; accepted February 8, 2008; published online February 29, 2008) Lowering lasing threshold based on the Förster-type energy transfer process has been studied in distributed feedback (DFB) lasers of cholesteric liquid crystals (CLCs) containing two dyes. We found that the lasing threshold in the energy transfer process was lowered to less than half of that in direct excitation processes. This effect is attributed to the suppression of self-absorption of a dye (acceptor). This provides a method for lowering threshold in CLC-DFB lasers containing multiple dyes particularly with a small Stokes shift. We proposed a multi-pass second harmonic generation scheme in which condensed fundamental light passed through a nonlinear crystal many times. The multi-pass scheme was realized by using a wide periodically-poled MgO:LiNbO3, concave mirrors and condensing optics. The total wavelength conversion efficiency of the multi-pass scheme was increased because non-converted fundamental light which had passed through the nonlinear crystal was re-injected and condensed into the nonlinear crystal and converted. We have investigated green-emitting GaInN two-dimensional photonic crystals with air holes that penetrate through the active layer.
At room temperature, the observed photoluminescence intensity from the photonic crystal is approximately three times that of a sample with no photonic crystal structure. This is due to the low surface recombination velocity (1.4 × 10 3 cm/s) of GaInN at the air hole edges and a higher degree of light extraction by the diffraction effect.
[DOI : 10.1143/APEX.1.032004]
1 Department of Electronic Science and Engineering, Kyoto University, Kyotodaigaku-katsura, Nishikyo-ku, Kyoto 615-8510, Japan 2 Process Technology DVLPMT. Center ALPS Electric Co., Ltd., Sendai 981-3208, Japan 3 Photonics and Electronics Science and Engineering Center, Kyoto University, Kyotodaigakukatsura, Nishikyo-ku, Kyoto 615-8510, Japan * E-mail address: kitagawa@qoe.kuee.kyoto-u.ac.jp ** E-mail address: fujita@qoe.kuee.kyoto-u.ac.jp *** E-mail address: snoda@kuee.kyoto-u.ac.jp Position-Controlled Si Nanocrystals in a SiO Thin Film Using a Novel Amorphous Si Ultra-Thin-Film "Nanomask" due to a BioNanoprocess for Low-Energy Ion Implantation Yuji Nakama * , Shinji Nagamachi 1 , Jun Ohta, and Masahiro Nunoshita (Received January 22, 2008; accepted February 4, 2008; published online February 22, 2008) A nano-size and position controlling technique of silicon-nanocrystal (Si-NC) assemblies in a SiO2 thin film has been investigated by using low-energy ion implantation (0.6keV) through a novel amorphous silicon (a-Si) ultra-thin-film "nanomask". This a-Si nanomask was developed on the basis of a self-assembled bio-nanoprocess with proteins "ferritin". Si NCs were synthesized from the excess Si + ions implanted in a SiO2 matrix by annealing with a Nd:YAG pulsed laser. As a result, almost ordered Si-NC assemblies with very small and uniform size (3.0±0.3nm) and inter- We have fabricated carbon nanotubes (CNTs) using a catalyzed growth technique that we call the carbon transmission method (CTM).
We could control independently functions for carbon source gas supply and CNT growth by using a foil barrier (Ag) penetrated by pure Fe fibers.
CNTs grew on one end of the Fe fibers, formed from diffused carbon that originates in carbon source gas at the other end of the fibers. Long Kazuhiro Yanagi * , Yasumitsu Miyata, and Hiromichi Kataura (Received February 1, 2008; accepted February 8, 2008; published online February 29, 2008) We present protocols to prepare high-purity metallic single-wall carbon nanotubes (SWCNTs) with three basic colors, cyan, magenta, and yellow, through density gradient centrifugations. Addition of deoxycholate sodium salts as a co-surfactant could improve separation capability for metallic SWCNTs in centrifugations. We applied the improved separation protocols to the SWCNTs with different average diameters (1.34, 1.0, and 0.84nm), and obtained the metallic SWCNTs with cyan, magenta, and yellow colors. Their optical / conductive characteristics were revealed, and conductive color films were formed from the metallic SWCNTs.
Influence of Substrates on Initial Growth of Diamond-Like Carbon Films
Nobuto Yasui 1,2 , Hiroshi Inaba 1 , and Naoto Ohtake 3 (Received November 24, 2007; accepted February 11, 2008; published online February 29, 2008) We investigated the influence of substrate materials on bonding structure of diamond-like carbon (DLC) films, fabricated by filtered cathodic vacuum arc, by using X-ray photoelectron spectroscopy and secondary ion mass spectroscopy. Two kinds of substrate materials, Si and NiFe, were evaluated. The results showed that sp 3 ratio of DLC films Transient capacitance spectroscopy of deep energy levels (DLTS) in the band gap of boron-doped homoepitaxial diamond displays two types of defect when temperature is raised from 250 to 650K. The first trap is a strongly attractive center for holes while the second one is repulsive, with respective activation energies of 1.57 and 1.15eV. Concentration profile is non-monotonic for the first trap and changes when the diode undergoes repetitive temperature cycles. Analysis of all the data shows that the deep centers found in this study come from structural defects, eventually associated with a charged impurity.
[DOI : 10.1143/APEX.1.035003] Institut Néel, Centre National de la Recherche Scientifique and Université Joseph Fourier BP166, 38042 Grenoble Cedex 9, France 1 Sensor Materials Center, National Institute for Materials Science, 1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan 2 Graduate School of Engineering, Osaka University, 2-1 Yamada-oka, Suita, Osaka 565-0871, Japan (Received January 30, 2008; accepted February 8, 2008; published online February 29, 2008) We report the unintentional incorporation of Al during the growth of molecular beam epitaxy using RF plasma source, driven by N2 gas flow. The concentrations of N, Al, O, and C within GaNAs/GaAs/AlAs structure are investigated by secondary ion mass spectrometry. In spite of the closed shutter of Al cell, we observe Al incorporation with a concentration up to 1×10 18 cm -3 in GaNAs layer and characteristically in the bottom side GaAs. Its concentration is solely dependent on N2 gas flow rate. Remarkably, the operation of the RF plasma has no impact on that.
C and O show their concentrations corresponding to the extrinsic Al. The complex interactions between those elements predict a possible origin of material deteriorations and difficulty for the precise doping control.
[ (Received January 7, 2008; accepted February 8, 2008; published online February 29, 2008) An observation technique to image polycrystalline and magnetic structures at the same sub-micron area of perpendicular magneticrecording media has been developed. The granular grain structures and magnetically recorded bit patterns were imaged by transmission electron microscopy and magnetic force microscopy, respectively. The small guide marks fabricated on a disk sample with a focused ion beam apparatus Osaka 567-0047, Japan * E-mail address: ktakano@mls.eng.osaka-u.ac.jp Appl. Phys. Express Vol.1, No.3 (2008) (Received December 21, 2007; accepted February 11, 2008; published online February 29, 2008) To improve transfection efficiency in gene delivery based on nanosecond pulsed laser-induced stress waves, we examined different types of transparent materials, a poly(ethylene terephthalate) sheet, poly(vinyl alcohol) gel, and water, which were placed on a laser target for plasma confinement. We found that the use of water was most effective for maintaining a large pressure impulse during multipulse laser irradiation and, as a result, high transfection efficiency was demonstrated in rat skin in vivo at a relatively low laser fluence of 0.7J / cm 2 . At this fluence, steady laser transmission through quartz fibers was confirmed, allowing endoscopic application of our gene delivery technique. (Received February 29, 2008; accepted March 12, 2008; published online April 11, 2008) In this paper, the interesting hydrogen sensing properties of a 
Enhancement-Mode ZnO Thin-Film Transistor Grown by Metalorganic Chemical Vapor Deposition
Jungyol Jo * , Ogweon Seo 1 , Hyoshik Choi, and Byeonggon Lee 2 (Received January 23, 2008; accepted March 21, 2008; published online April 11, 2008) We developed a method to control threshold voltage and on/off ratio of ZnO thin-film transistor (TFT) grown by metalorganic chemical vapor deposition (MOCVD). ZnO usually shows oxygen deficiency, which shows up as n-type defects of zinc interstitial or oxygen vacancy. In order to reduce these defects, we allowed sufficient oxidation time during growth. Instead of one long oxidation step, we repeated thin-layer growth and oxidation, until desired thickness is achieved. By using this method, we could obtain high quality ZnO TFT by MOCVD. Our ZnO TFT grown at 450°C showed 15cm 2 /(Vs) mobility and 10 7 on/off ratio, with +5 V threshold voltage, which enables enhancement mode TFT opera- (Received February 14, 2008; accepted March 12, 2008; published online April 4, 2008) We fabricated a current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) nanopillar with a 1-nm-thick FePt free layer having perpendicular anisotropy using the alternate monatomic layer deposition method. Nanopillars consisting of [Fe (1monolayer (ML))/Pt (1ML)]n (n: the number of the alternation period) ferromagnetic layers and an Au spacer layer showed spin-transfer induced switching at room temperature. An average critical switching current density (Jc0) of 1.1 × 10 7 A/ cm 2 with a large thermal stability parameter (Δ) of 60 was obtained in a nanopillar with a free-layer thickness of 1.02nm (n=3) and a pillar diameter of 110nm. The ultrathin free-layer with high perpendicular anisotropy is effective to obtain both large Δ and small Jc. 
Optically Controlled Bimorph Cantilever of Poly(vinylidene difluoride)
Yasuhiro Mizutani, Yukitoshi Otani, and Norihiro Umeda (Received February 8, 2008; accepted February 29, 2008; published online March 21, 2008) Optically driven actuators are a non-contact method for the remote application of light energy. We propose a new optically driven actuator that employs bimorph poly(vinylidene difluoride) (PVDF) cantilevers. PVDF is an effective polymer from which to prepare actuators since it has both pyroelectric and piezoelectric properties. We have produced a bimorph cantilever from a PVDF film with a thin Ag electrode on one side. A bending model of the PVDF cantilever has been established and its bending characteristics have been experimentally measured. The mecha- 
Microstructure Analysis of Solid-State Reaction in Synthesis of BaTiO Powder Using Transmission Electron Microscope
Keisuke Kobayashi, Toshimasa Suzuki, and Youichi Mizuno (Received February 13, 2008; accepted February 29, 2008; published online March 21, 2008) The kinetics and mechanism of the solid-state reaction in BaTiO3 powder synthesis were investigated microstructurally. An equimolar mixture of BaCO3 and TiO2 (rutile) powders calcinated at 600 and 800°C in air was observed by using transmission electron microscopy (TEM). We report on photon coincidence measurement in a single GaAs self-assembled quantum dot (QD) using a pulsed excitation light source.
At low excitation, when a neutral exciton line was present in the photoluminescence (PL) spectrum, we observed nearly perfect single photon emission from an isolated QD at 670nm wavelength. For higher excitation, multiple PL lines appeared on the spectra, reflecting the formation of exciton complexes. Cross-correlation functions between these lines showed either bunching or antibunching behavior, depending on whether the relevant emission was from a biexciton cascade or a charged exciton recombination. (Received February 14, 2008; accepted March 18, 2008; published online April 11, 2008) We obtained frequency increase of resonant tunneling diode (RTD) oscillators using thick spacer layers at the collector in sub-terahertz range. This is attributed to reduction of parasitic capacitance due to the increase of spacer layer thickness. The oscillation frequency increased from 325 to 425GHz by the change of spacer layer thickness from 5 to 45nm in reasonable agreement with theoretical calculation. Frequency switching with bias direction was also obtained for an RTD having an asymmetric structure with the thickness of the collector and emitter spacer layers of 30 and 5nm, respectively. The oscillation frequency was 394 GHz under forward bias, whereas 336 GHz under reverse bias in which the role of the emitter and collector spacers was exchanged. The crystallization process in digital versatile disc (DVD) media was investigated using a time-resolved X-ray diffraction apparatus coupled with in situ photoreflectivity measurement. The time profiles of crystallization were found to be consistent with the changes in photoreflectivity. The phase changes were characterized by the start and end time; 90±1 and 273±1ns for Ge2Sb2Te5, and 85±1 and 206±1ns for Ag3.5In3.8Sb75.0Te17.7, respectively. The faster crystallization time in Ag3.5In3.8Sb75.0Te17.7 is ascribed to its characteristic crystallization process; its X-ray diffraction profile shows a significant sharpening during the crystallization process, whereas the peak width of Ge2Sb2Te5 remained unchanged. The present findings suggest that crystal growth control is another key for designing faster phase-change materials. (Received December 18, 2007; accepted February 29, 2008; published online March 28, 2008) Using a newly developed transmission-type photocathode, an electron beam of super-high brightness [(1.3±0.5)×10 7 A·cm -2 ·sr -1 ] was achieved. Moreover, the spin-polarization was as high as 90 %. We fabricated a transmission-type photocathode based on a GaAs -GaAsP strained superlattice on a GaP substrate in order to enhance the brightness and polarization greatly. In this system, a laser beam is introduced through the transparent GaP substrate. The beam is focused on the superlattice active layer with a short focal length lens. Excited electrons are generated in a small area and extracted from the surface. The shrinkage of the electron generation area improved the brightness. In addition, a GaAs layer was inserted between the GaP substrate and the GaAsP buffer layer to control the strain relaxation process in the GaAsP buffer layer. This design for strain control was key in achieving high polarization (90 %) in the transmission-type photocathode. (Received January 31, 2008; accepted March 12, 2008; published online April 4, 2008) The plasma in water is generated by applying high-frequency (HF) irradiation of 27.12MHz or microwave (MW) radiation of 2.45GHz from an electrode. The electrode is heated by joule heating by the HF or MW irradiation, and vapor bubbles are generated simultaneously. The plasma is then ignited inside the bubbles on the electrode. The glow discharge plasma can be maintained in spite of atmospheric pressure due to the cooling effect of the liquid itself. The electron temperature of the plasma generated by the 27.12MHz radiation is higher than that generated by the 2.45GHz radiation. The trade-off among sensitivity, resolution, and line edge roughness (LER) is the most serious problem for the realization of extreme ultraviolet (EUV) lithography. A solution to this problem is the enhancement of acid generation efficiency per unit volume. In chemically amplified EUV resists, not the acid generators but the polymer mainly absorbs EUV photons.
The secondary electrons generated by EUV absorption sensitize the acid generators. Therefore, an increase in the polymer absorption coefficient is expected to lead to the enhancement of acid production. The incorporation of fluorine atoms is a promising way for the increase in the absorption coefficient of EUV resists. However, fluorinated compounds decrease the acid generation efficiency by interfering with the reaction of acid generators with low-energy electrons. We investigated which effect prevails in acid generation. Using a spectroscopic method, it was confirmed that the incorporation of fluorine atoms leads to an increase in acid generation efficiency per unit volume.
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